Key Summary Points {#FPar1}
==================

**Why carry out this study?**Tafamidis has been shown to be effective in delaying disease progression among patients with transthyretin amyloidosis with polyneuropathy (ATTR-PN), but very little is known on whether it impacts mortality.This report represents the first evaluation of the effect of tafamidis on mortality in Val30Met and non-Val30Met patients with ATTR-PN that uses data from clinical trials where patients received up to 8.5 years of treatment.**What was learned from the study?**Over the course of 8--9 years, there were very few deaths among patients with ATTR-PN treated with tafamidis.This finding is potentially significant given the severely shortened life span of patients with ATTR-PN and suggests that tafamidis may confer a survival benefit.Notwithstanding study limitations, the current analysis offers an important evaluation of patients treated with tafamidis in clinical trials.

Introduction {#Sec1}
============

Transthyretin amyloidosis with polyneuropathy (ATTR-PN) is a rare and fatal systemic disorder caused by mutations of the *TTR* gene that can result in damaging amyloid accumulation in peripheral nervous tissue and organs, including the heart \[[@CR1]\]. Without treatment, disease progression is relentless and ultimately fatal, with organ failure, cachexia, sudden death, and secondary infection as common causes of death \[[@CR2], [@CR3]\].

The clinical progression and life expectancy of patients with ATTR-PN can vary depending on genotype, geographic origin, and age of onset \[[@CR4]\]. Nearly 150 mutations of the *TTR* gene have been identified, with Val30Met (p.Val50Met) the most prevalently linked to ATTR-PN \[[@CR4]--[@CR6]\]. Estimates of median survival time from symptom onset in Val30Met patients can vary between 7 and 17 years, with differences largely attributed to age of onset and geographic origin (early-onset patients of Portuguese origin showing the longest median survival) \[[@CR7]--[@CR10]\]. The median survival estimates for non-Val30Met patients from symptom onset range from approximately 4 to 13 years, largely owing to genetic and phenotypic heterogeneity \[[@CR8], [@CR9], [@CR11]\]. Liver transplantation, a treatment option that removes the primary source of mutated TTR, can stabilize disease progression and improve survival in carefully selected patients, primarily those with a Val30Met mutation and early onset of illness (≤ 50 years of age; late-onset: \> 50 years) \[[@CR12]\]. However, liver transplantation is not readily accessible in all geographical regions, requires lifelong immunosuppressive therapy, and does not eliminate continued amyloid deposition of wild-type TTR where no mutation is present in the gene \[[@CR4], [@CR13]\]. In addition, the survival benefit with liver transplantation is generally poorer in patients with non-Val30Met mutations (relative to early-onset Val30Met patients), although large differences in outcomes among various mutations have been described \[[@CR12], [@CR14]\].

Tafamidis meglumine, a selective TTR stabilizer taken orally once daily, is approved to treat ATTR-PN and is available in countries within Europe, Asia, and Latin America \[[@CR15], [@CR16]\]. Tafamidis has demonstrated efficacy and safety in an 18-month pivotal trial of early-onset Val30Met patients \[[@CR17]\] and in a 12-month open-label study of non-Val30Met patients \[[@CR18]\], with continued effects in delaying neurologic disease progression over longer-term use in open-label extension studies \[[@CR19]--[@CR21]\].

No clinical studies have been conducted to look specifically at mortality as an outcome in the ATTR-PN population, although observational data have demonstrated a survival benefit for tafamidis relative to natural disease progression and liver transplant among early-onset Val30Met patients \[[@CR10]\]. This report represents the first evaluation of the effect of tafamidis on mortality in Val30Met and non-Val30Met patients with ATTR-PN while receiving up to 8.5 years of treatment in clinical trials.

Methods {#Sec2}
=======

Study Design and Patients {#Sec3}
-------------------------

The analyses are based on cumulative data from the Val30Met patients in the original 18-month double-blind registration study and its 12-month open-label extension study \[[@CR17], [@CR19]\], and from the non-Val30Met patients in the 12-month open-label study \[[@CR18]\]; eligible patients from these studies were then enrolled in an ongoing 10-year open-label extension study initiated in August 2009 (ClinicalTrials.gov identifier NCT00925002) \[[@CR21]\].

Details on study design, protocol, eligibility criteria, and outcome measures for each study are reported elsewhere \[[@CR17]--[@CR19], [@CR21]\]. Per the protocols, deaths are reported as part of safety monitoring during the studies and for up to 30 days after study discontinuation.

In the ongoing 10-year extension study, patients continue with once-daily oral administration of 20 mg tafamidis meglumine (soft gelatin capsule) for up to 10 years or until they have access to tafamidis through a prescription in their respective country following regulatory approval. Study centers are located in Argentina, Brazil, France, Germany, Italy, Portugal, Sweden, and the USA. The study protocol was approved by local institutional review boards and is in compliance with the International Conference on Harmonisation Good Clinical Practice Guidelines and the Declaration of Helsinki. All patients provided written informed consent. Further details of this ongoing study, including the progression of patients through the parent and extension studies and the names of institutional review boards or independent ethics committees, are available elsewhere \[[@CR21], [@CR22]\].

Statistical Analysis {#Sec4}
--------------------

Kaplan--Meier analyses of time to death in patients treated with study medication in tafamidis clinical trials were conducted with a cut-off date of January 3, 2017.

The data were analyzed for the full safety population, defined as all patients who initially enrolled in the parent studies and who received at least one dose of study medication.

The analyses were stratified by TTR mutation (Val30Met and non-Val30Met). The Val30Met group comprised the 128 patients who initiated the 18-month double-blind randomized registration trial. Data are presented by treatment: for the Val30Met group, those who received tafamidis in both the parent and extension studies (tafamidis-to-tafamidis, T--T, *n *= 65), and those who received placebo in the 18-month parent study and then switched to tafamidis in the extension studies (placebo-to-tafamidis, P--T, *n *= 63) \[[@CR17], [@CR19], [@CR21]\]. Patients who were randomized to placebo and discontinued participation early were included in the P--T group, and patients who were randomized to tafamidis and discontinued participation early were included in the T--T group. The non-Val30Met group comprised the 21 patients who originated in the 12-month open-label study \[[@CR18]\]. Patients were distributed across eight different genotypes.

Kaplan--Meier analyses of time to death from first dose of treatment (in the parent study) were performed. The percentage of clinical trial patients alive at yearly time intervals following the first dose of treatment was estimated. Patients who completed or discontinued study participation were censored at the last telephone contact (last visit date plus 30 days); ongoing patients were censored at the cut-off date of the analysis---January 3, 2017. These analyses included deaths following transplantation (liver and/or heart) or post-discontinuation collected as part of the protocol requirement for assessing adverse events through the follow-up contact 30 days after the last dose of study medication.

Results {#Sec5}
=======

Patient Population and Baseline Characteristics {#Sec6}
-----------------------------------------------

Details concerning patient disposition for the parent and extension studies were summarized previously \[[@CR21]\]. For the ongoing 10-year extension study, patient disposition at the time of the data cut-off for this analysis is provided in Table [1](#Tab1){ref-type="table"}. Patients have been followed for up to 8.5 years, with some patients receiving tafamidis continuously throughout this period. The median cumulative tafamidis exposure was 4.8, 3.7, and 3.5 years for the three treatment groups Val30Met T--T (*n *= 64), Val30Met P--T (*n *= 41), and non-Val30Met (*n *= 21), respectively.Table 1Patient disposition in the ongoing 10-year open-label extension studyVal30MetNon-Val30MetTafamidis-to-tafamidis^a^\
(*n *= 38)Placebo-to-tafamidis^b^\
(*n *= 37)Tafamidis\
(*n *= 18)Study completion Yes31 (81.6%)27 (73.0%)7 (38.9%) No5 (13.2%)8 (21.6%)9 (50.0%) Ongoing2 (5.3%)2 (5.4%)2 (11.1%)Primary reason for discontinuation Adverse event2 (5.3%)1 (2.7%)2 (11.1%) Patient withdrew consent1 (2.6%)3 (8.1%)3 (16.7%) Liver transplant0 (0.0%)0 (0.0%)0 (0.0%) Patient died2 (5.3%)1 (2.7%)4 (22.2%) Other0 (0.0%)3 (8.1%)0 (0.0%)^a^Tafamidis-to-tafamidis refers to patients randomized to tafamidis in the registration trial and continued with tafamidis treatment in the open-label extension studies^b^Placebo-to-tafamidis refers to patients randomized to placebo in the registration trial and switched to tafamidis in the open-label extension studiesThe study is ongoing, and the cut-off date for this analysis was January 3, 2017

Demographic and baseline clinical characteristics of the full safety populations at the start of the parent studies \[[@CR17], [@CR18]\] are shown in Table [2](#Tab2){ref-type="table"}. Non-Val30Met patients were older than the Val30Met patients, had a longer duration of symptoms, and showed more advanced disease in neurologic function and health-related quality of life at the initiation of the parent study.Table 2Demographic and baseline characteristics in the full safety populationCharacteristicsVal30MetNon-Val30MetTafamidis-to-tafamidis^a^\
(*n *= 65)Placebo-to-tafamidis^b^\
(*n *= 63)Tafamidis\
(*n *= 21)Gender, *n* (%) Female33 (50.8)37 (58.7)8 (38.1) Male32 (49.2)26 (41.3)13 (61.9)Race, *n* (%) Caucasian57 (87.7)55 (87.3)19 (90.5) Latin American6 (9.2)7 (11.1) Asian1 (4.8) African--Caribbean1 (4.8) Not available2 (3.1)1 (1.6)Age, years Mean (SD)40.0 (12.7)38.1 (12.8)63.1 (9.9) Median (range)36.0 (25--74)34.0 (22--71)64.3 (44--77)mBMI, mean (SD), \[g/L\] × \[kg/m^2^\]1006.4 (164.5)1010.7 (211.1)1052.5 (206.7)Symptom duration, mean (SD), years3.9 (4.0)2.9 (2.7)5.4 (5.1)NIS-LL (range, 0--88), mean (SD)8.4 (11.3)11.1 (13.4)27.6 (24.7)Norfolk QOL-DN (TQOL) (range, −2 to 138), mean (SD)27.4 (24.0)30.5 (26.7)47.8 (35.1)^a^Tafamidis-to-tafamidis refers to patients randomized to tafamidis in the registration trial and continued with tafamidis treatment in the open-label extension studies^b^Placebo-to-tafamidis refers to patients randomized to placebo in the registration trial and switched to tafamidis in the open-label extension studiesBaseline refers to the baseline of the parent studies \[[@CR17], [@CR18]\]*mBMI* modified body mass index, *NIS-LL* Neuropathy Impairment Score for the Lower Limbs, *Norfolk QOL-DN* Norfolk Quality of Life-Diabetic Neuropathy questionnaire, *TQOL* total quality-of-life score

A total of 68 patients discontinued participation in the clinical studies; the most common reason was liver and/or heart transplant. In total, 35 patients (Val30Met, *n *= 33; non-Val30Met, *n *= 2) had liver transplants, one patient (non-Val30Met) had a heart transplant, and one patient (non-Val30Met) had a combined liver/heart transplant. Patients on transplant waitlists were allowed to enroll in the tafamidis trials and discontinue participation in order to undergo the procedure when an organ became available; transplantation was not used as rescue therapy in these studies.

Patient Deaths {#Sec7}
--------------

Descriptions of patient deaths in the parent and extension studies, including the present ongoing study, have been published \[[@CR17]--[@CR19], [@CR21]\] and are summarized in Table [3](#Tab3){ref-type="table"}. There have been no additional patient deaths since the previous interim analysis of the 10-year open-label extension study \[[@CR21]\].Table 3Description of patient deaths across studiesStudyPatientGenotype/treatmentCause of deathRelationship to study drug18-month double-blind study in Val30Met patients54-year-old femaleVal30Met/tafamidisCardiac tamponadeUnrelated41-year-old femaleVal30Met/placeboHepatic failureUnrelated63-year-old femaleVal30Met/placeboSepsisUnrelated35-year-old femaleVal30Met/placeboUnknown causeUnrelated10-year open-label extension study66-year-old maleVal30Met/T--TCardiac failureUnrelated72-year-old maleVal30Met/T--TLymphoma^a^Unrelated71-year-old maleVal30Met/P--TIleusUnrelated72-year-old femaleNon-Val30Met/tafamidisCardiac arrestUnrelated76-year-old femaleNon-Val30Met/tafamidisSepsisUnrelated61-year-old maleNon-Val30Met/tafamidisComplications following heart transplantUnrelated76-year-old femaleNon-Val30Met/tafamidisAmyloidosisUnrelatedTwo patients, who died several months after study withdrawal (one reported in Coelho et al. 2012 \[[@CR17]\] and one reported in Barroso et al. 2017 \[[@CR21]\]), were censored at last visit date + 30 days, per censoring rule, and are therefore not described here*P--T* patients randomized to placebo in the registration trial and switched to tafamidis in the open-label extension studies (the placebo-to-tafamidis group), *T--T* patients randomized to tafamidis in the registration trial and continued with tafamidis treatment in the open-label extension studies (the tafamidis-to-tafamidis group)^a^The patient discontinued participation in the study due to reoccurrence of pre-existing malignant lymphoma, not related to amyloidosis disease progression

There were four deaths reported in the 18-month double-blind study in Val30Met patients (tafamidis, *n *= 1; placebo, *n *= 3), with each occurring following liver transplantation (Table [3](#Tab3){ref-type="table"}) \[[@CR17]\]. One patient, treated with tafamidis before liver transplant, died due to cardiac tamponade (complication following pacemaker insertion). Three patients treated with placebo before liver transplant died, one due to hepatic failure post-transplant, one due to sepsis post-transplant, and one from unknown cause (Table [3](#Tab3){ref-type="table"}). None of these deaths were considered related to study treatment. One additional death occurred 3 months after the patient completed the study (due to liver transplant complications) \[[@CR17]\] and was not included in the clinical database; therefore, this patient was not included in Table [3](#Tab3){ref-type="table"} or the Kaplan--Meier analysis.

No deaths were reported during the 12-month open-label extension study \[[@CR19]\] and no deaths were reported in the 12-month open-label study in non-Val30Met patients \[[@CR18]\].

As of the cut-off date for this analysis, seven patients (Val30Met, *n *= 3; non-Val30Met, *n *= 4) died during or within 30 days of discontinuation/completion of the ongoing extension study \[[@CR21]\] (Table [3](#Tab3){ref-type="table"}). None of the seven deaths were considered treatment-related.

Mortality Analysis {#Sec8}
------------------

Kaplan--Meier curves estimating the percentage of patients alive at yearly intervals following the first dose of treatment in the parent study are shown in Fig. [1](#Fig1){ref-type="fig"}a and b for the Val30Met and non-Val30Met patients, respectively. These analyses included all 11 deaths through the follow-up contact 30 days after the last dose of study medication. The number of patients in the study decreases at later time points as patients have completed the study because of the commercial availability of drug supply. Estimates (95% confidence interval \[CI\]) were available up to 9 years for the Val30Met group, at which time 85.9% (53.1--96.4) and 91.1% (77.9--96.6) of the patients in the T--T and P--T treatment groups, respectively, were alive (Fig. [1](#Fig1){ref-type="fig"}a). Although formal statistical comparisons between the two treatment groups were not conducted, the large overlap between the 95% CIs indicates that the difference between them is unlikely to be statistically significant. For the non-Val30Met group, estimates were available up to 8 years from the first dose of treatment, and the percentage of patients alive was 75.9% (95% CI 47.7--90.2) (Fig. [1](#Fig1){ref-type="fig"}b).Fig. 1Kaplan--Meier curves of patient survival while on study medication from first dose of treatment for Val30Met (**a**) and non-Val30Met (**b**) patients (full safety population, *N *= 128 and *N *= 21, respectively). Patients were censored at the last telephone contact (last visit date + 30 days) for those who concluded the study (completed or discontinued participation in the study) or at the cut-off of January 3, 2017, for ongoing patients. Val30Met patients from the parent study who were randomized to placebo and discontinued participation in that study were included in the P--T treatment, while those randomized to tafamidis and discontinued were included in the T--T treatment group. P--T, placebo treatment in the parent study followed by tafamidis treatment in the open-label extension studies (*n *= 63); T--T, tafamidis treatment in both the parent and open-label extension studies (*n *= 65)

Discussion {#Sec9}
==========

This is the first evaluation of mortality in patients with ATTR-PN receiving long-term treatment with tafamidis through prospective interventional clinical trials. Based on Kaplan--Meier analyses, approximately 85% of patients in the Val30Met group (in both the T--T and P--T treatment groups) and 75% of patients in the non-Val30Met group were alive at 9 and 8 years, respectively, from the first dose of treatment in their respective parent studies. These results for the Val30Met and non-Val30Met groups included deaths following transplantation or within 30 days after drug discontinuation as part of post-study reporting.

One other study, an observational, multi-institutional, hospital-based cohort study, directly compared survival estimates with tafamidis versus natural disease progression and liver transplant among stage 1 Val30Met patients \[[@CR10]\]. The results demonstrated a survival benefit with either tafamidis or liver transplant compared with untreated controls \[[@CR10]\]. In addition, tafamidis was associated with a 63% (*p* = 0.050) reduction in risk of death compared with liver transplant in early-onset patients (a corresponding analysis among late-onset patients was not conducted, given the small sample size) \[[@CR10]\].

Tafamidis has been shown to delay neurological disease progression in ATTR-PN \[[@CR20]--[@CR22]\] and more recently to reduce the risk of mortality in transthyretin amyloidosis with cardiomyopathy (ATTR-CM) \[[@CR23]\]. This study uses existing clinical trial data in ATTR-PN to examine the potential survival benefit in that population. Given the average 3--5 years since onset of symptoms at baseline for patients in the present study (Table [2](#Tab2){ref-type="table"}), and an approximate 10-year estimated survival after disease onset in untreated patients \[[@CR4]\], these results indicate that tafamidis may confer a survival benefit in ATTR-PN. In other words, estimates of the median duration from disease onset to death reported in the literature is \~ 10 years (although this can vary considerably based on genotype and phenotype), whereas in the present study, 75--85% of patients treated with tafamidis are still alive \~ 8--9 years after starting tafamidis treatment, which is estimated as \~ 11--14 years after disease onset. Overall, the current analyses offer an important evaluation of patients treated with tafamidis in clinical trials; however, limitations of the analysis are recognized, and longer-term data are needed.

Limitations {#Sec10}
-----------

The analyses were conducted on longitudinal clinical trial data limited to deaths reported for patients while on study medication as part of standard reporting. As generally encountered with rare diseases, the sample sizes were small (especially for the non-Val30Met group). In addition, a placebo control group was not included in the open-label extension studies. Improvements in standard of care over time may also impact survival estimates \[[@CR12]\].

Conclusion {#Sec11}
==========

Overall, when considering both Val30Met and non-Val30Met patients, the current analysis of long-term tafamidis treatment may suggest favorable patient prognosis. There were very few deaths observed during tafamidis treatment, and none were considered treatment-related. The results are consistent with the beneficial effects of tafamidis in delaying disease progression across Val30Met and nonVal30Met patients \[[@CR17]--[@CR21]\] and its demonstrated real-world effectiveness \[[@CR15], [@CR24]\]. Together, these data underscore the importance of early treatment intervention with tafamidis. As ATTR-PN is often misdiagnosed \[[@CR4], [@CR25], [@CR26]\], leading to treatment delays, enhanced awareness of the disease and associated "red flag" symptoms are needed \[[@CR27]\].
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